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mbre, F-K Hwang, W. Christian, D. Brown
I, A. Cox, A. Duffy, T. Mzoughi ,, M. Gallis,

ake, J. M. Aguirregabiria, W. Junkin, H. Gould J. Tobochnik, Jose Sanchez, S.

Tuleja and many more....

* Digital Libraries

= hittp://www.compadre.org/OSP/
=http://www.phy.ntnu.edu.tw/ntnujava/index.php
» EJS itself has examples as well

50 Years with Lasers Ontarim“r California
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1. Innovativeness of EJS
. Breakthrough in ’reacher educahon [R]

h%

— produc’rsw(computer models)

e Customized to SG syllabus (teacher-student
feedback)

—processes ( =M professional
community)
e Teacher education in OSP community
e To benefit all humankind
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2. Rationale

* Physics is best learnt by inquiry through
hands-on exploration.

e Difficult fo conduct experiment [R] on topics
ike Gravitation in school laboratories.

e Many students fail to visualise the
gravitational effects of huge masses and the
motion of satellites.

e Little physical meaning to the number-
crunching.

R o
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3. Design

* Four simulations were selected to address
concepfts on:
(1) Gravitational field strength and potential;
(2) Escape velocity;
(3) Geostationary orbit;
Kepler s Th"’d Iaw

. Themse S|muwlmo’rh|ons were |hused s’rru’regmclly
iInfo tutorial questions or separately as
laboratory worksheets fo enhance s’rudi’rs’ 4

. learning. . AR
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3. Design (modified 5E inquiry)

e Students were infroduced to relevant videos
and get them engaged in the simulations.

e Students explored the simulations at their
own pace, guided by the worksheet
guestions. [Self-directed learning]

e Students explained their understanding in
small groups. [Collaborative learning]

e Teacher asked questions to get students to

elaborate their understanding.

i » Selected groups did class presentation

te what ’rhey hm\!‘*




L Gravitational Field and Potential in One Dimension Model

| Gravity Field (M and Potential (123 in One Dimension

odel

* Near mpossnble
to experience
gravity due to

- .r __small mass on
f*'“”lﬂé' o 2 o Earth

7,
/s

/e« |nvisible
concepts made
alive and
experience
interconnected

Gravity Field (Miko) Elmd Gravity Potential (ko)

Pret.T r
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e Data analysis
I hln

Derived work based on Andrew Duffy's earlier electric charge model
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MPTL18_01ejs_GField_and_Potential_1D_v8wee.jar
ejs_bu_EField_1D.jar
http://www.compadre.org/osp/items/detail.cfm?ID=9411
http://www.compadre.org/osp/items/detail.cfm?ID=9411
2013 H2 Phy Topic 7 Gravitational field - ICT inquiry worksheet 1 on Field strength & Potential (Teacher).doc

T Gravitational Field and Potential in One Dimension

ME-5

Gravity Field (Bka) and Gravity Patential (ki)
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Grawty' Field {kag} and Potential {.Jfkg} in One Dimensioh

4B. Earth-Moon Mode

Run simulation . Make sense of

Tutorial questions concepts like

PR,

A 1. Zero net
1 force
2. Escape
velocity
* ‘impossible’ to
—4I.III -3I.5 -3I.III -2I.5 dO in real |ife -nl.ﬁ

BN €0-3ECE = LBY /AT

2SI E0-IECE = A

1Bufi

BYN 60-IFE'S

Derived work based on Andrew Duffy's earlier electric charge model



ejs_innergyGFieldandPotential1Dv2EarthMoonwee.jar
MPTL18_02ejs_GFieldandPotential1Dv7EarthMoon.jar
http://www.compadre.org/osp/items/detail.cfm?ID=9411
http://www.compadre.org/osp/items/detail.cfm?ID=9411
2013 H2 Phy Topic 7 Gravitational field - Tutorial (Teacher).doc

C Geesmhonary Sa’relh’re
Aodel:* '

* Teacheris not |
the only source of |
knowledge

e Learning is
experiential & | e
involves meaning , ‘ R
making through ;
visualization
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1Equatorial plane a

Geostationary near America

Derived work based on Francisco (Paco) Esqguembre's earlier model
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ejs_EarthAndSatelite.jar
MPTL18_03ejs_EarthAndSatelite4.3.6.jar
ejs_EarthAndSatelite.jar
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4C. Geostationary Satellite
Modadel

« Create active learning previously not possible

ﬁhe students’ answers are
now actually based on the
acts of scientific inquiry
being scientist
themselves, rather than
the memorization of facts
(traditional teaching

Repeat step 8 for mode 2 & 3. Mode 2 shows a geostationagy' satellite moving above Africa,
while mode 3 shows a geostationary satellite moving above America.

usion about the relative positions of the satellite and Africa/America: &[{«%}A

/i

B2 wlls Q T e g / ! )
method). S obhaocdidell. gelltalg lueyd ook fhicaopel vt
Determine the period of rotation of the Earth about its own axis; M hours ‘ bofed
Determine the period of rotation of the geostationary satelie: 34 hours ! ;3 ‘
( Whatis the satelte’s radius of rotation, from the centre of the Earth? _ Q(T00 g “ 2/l

Making logical
conclusions based on
student-lead evidence
based inquiry on the
\_ models.

10) Hence why do you think the satellte is called a ‘geostationary satellte’, when the satellite is

' . { M fi w O R - /) \
obV{ously not stationary? TVQOO 'r(@' 110 Qv P o vS Alnpld @ #%Kaz.#' ﬂoﬂ
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. {) i\ horCrondi i
YJC 2011© Al rights reserved &™ YQQ{? f o '/f 6 -{PO/ f ,DQ SV Student-Scientists with passion & integrity




Orhit Frame Ejs Open Source Kepler System Model by Dr. Todd Timberlake remixed by lookang
Orhit_ View | Record Data | Graph_for_T | Graph_for_fverage R | Key In_Rawve | Graph_for_T2

* Based on
real data

Impossible
to do in real
life

Pl -‘I ..1.. || ]
-I Disp [v] labels §v E==UURE M v | . AU,
Time Step: |0.800 .
¥ -

Derived work based on Todd Timberlake's earlier model
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ejs_EarthAndSatelite.jar
ejs_KeplerSystem3rdLaw03.jar
MPTL18_04ejs_KeplerSystem3rdLaw09.jar

Orhit Frame Ejs Open Source Kepler System Model by Dr. Todd Timberlake remized by lookang E;E;E;E;
[ Orbit_View | Record_Data | Graph_for_T | Graph_for_Average R | Key_In_Rave | Graph_for_T2

 data collect inside EJS
instead of pen paper

# T years RIA.L. Raverage ! A.L.
0 0.245 0.387 0.0a0
1 0615 0.723 0.00a0
2 1.000 1.000 0.000
3 1.880 1.624 0.0o0
4 11.288 5.203 0.0o0
] 29.500 8537 0.00a0
i 24.200 19.1490 0.oao
! 164.000 30.060 0.0o0
g 248.400 349.480 0.0o0

Tk ; yE:oqQ,Qo-w
W1 = |elAED) o

Planet 7l year r/10°km w1 [~ F

Mercury Gualk " F £33 - 143 (8.0

Venus 6.6y ° (09 - 043 |55
[ Mars [8& ¢ 52(0 0-63 | 193

Jupiter TE LR 349 a3 205

Saturn 59-¢¢C < (469 338 | U

|

. 1 - I -
) 0 450 0.248 17.2
- Disp [v] labels |v IE=UUREL g Q .J
Time Step: |0.800 B
(E = 0.992 au t= 24840 years

| OTEN | OFEN

13 -

Derived work based on Todd Timberlake's earlier model
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ejs_EarthAndSatelite.jar

Orbit Frame Ejs Open Source Kepler System Model by Dr. Todd Timberlake remized by lookang

1 |/Drhit_‘-.r'iew rﬂacurd_Data rGraph_fur_T rGraph_fur_nverage_Fl rHey_In_Raue rGraph_fur_Tz
R verus T
4[' i T T T T T T T T T T T T T PlHtD T
a a
_| < data plotted inside EJS
i a
instead of pen paper
an L NEWJFIE
28+
>
T 20F Urggius
o
148+
10+ Sagm
5l Jugter
O ol Wl
1] 0.z 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20 2.2 24 2.0
| Tiyears }HIIIE

Time Step: |0.500 |

1 1
O = 0s9za .-t 248.40 years » || v | &

Derived work based on Todd Timberlake's earlier model
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¥ Data Tool
File Edit

Display Help

fGraph_for_Average_R_data [/ Graph_for_Tdata

| Measure ” Analyze |

Data Builder... ” Help‘

x 10*

5.0

R3

40+

35+

20+

251

20¢

15F

10}

051

| »data analysis inside EJS
... *Kepler’s 31 law: T? x R3

45+

markers| | [
lines| O O ]
style| =

axis horiz wert wert vl
row T2 3 Tm Rm

0 006 0058 0245 03287

1 0373 0373 0B15 0723

2 1 1 1 i

3 3534 35358 1.88 1524

4 141,233 140,884 11.8838 5203

5 37025 867 459 295 9537

6 702064 7066535 242 19.19

7 26 896| 27,162 324 164 3006

8 61,702 56|61.536.307 2454 3945

Data Source:‘ Graph_for_Tdata ‘v‘

Parameters

Add || copy || cut || Paste |

Mame

Expression

Data Functions

| Add || copy || cut | Paste |

Mame

Expression

T2

T T

R3

Rm"3

‘ Help H Undo || Redo H Font Size H Close |

Fit Name:

Autofit

Fit Builder...

Fit Equation: R3 = A"T2 + B

rms dev: 2 766E2

Parameter

Derived work based on Todd Timberlake's earlier model
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b Data Tool
File Edit Display Help
fGraph_for_Average_R_data rGraph_for_Tdata |

“ Measure H Analyze| Data Builder... H Help‘
.. . ;| markers| O O ] ]
* data analysis inside EJS T = o e ———
y 1 axis| horiz vert wert vert vert wert
*Kepler’s 3™ law: log T vs log R [T | e MBS Brs o
. . . s 1 o 0413 -0611] 0086 0245 0058 03287
: 1 -0141] -0211] 0373 0615 0378 0.723
with evidence of relationship Al -0iai-0onl 027e o61d 05Tl 072
3 0183 0274 3534 188 3538 1524
A:l 5 4 0716 1.075141.333] 118858140884 5203
- 5 0979 147 87025 295867459 9537
14} B 1283 182570385864 542 7066 19149
Fl 1478 2215 263896 16427 162 | 3006
121 8 1596 239561702 | 24584|61536.| 3945
1oL Data Builde :
= Data Source:‘ Graph_for_Tdata ‘v|
08+ T M=
Data Functions
06}
| Add || Copy || Cut || Paste |
045 Mame Expression
B || Tm*Tm
0.2¢ 1 MRz Rm"3 =
M inT log{Tm)
0.0} ] InR log{Rm)
-02¢ - Double-click cell to edit. See Help for valid expressions. |v
04t _ ‘ Help || Undo || Redo H Font Size H Close |
-06 | | | | | | | | | ::
-04 -02 0 0z 04 06 0.8 1.0 12 14
T2—-3.409E3 InT—3.166E4 InR
Fit Name:|Line ~| | Fit Builder... Parameter Walue
A 1.495
Fit Equation: InT = A*InRk + B B 0.002
[v] Autofit rms dev: 2 125E-3

Derived work based on Todd Timberlake's earlier model “k
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Orhit Frame Ejs Open Source Kepler System Model by Dr. Todd Timberlake remized by lookan g o B
| orbit_view | Record_Data | Graph_for_T | Graph_for_Average R | Key_In_Rave | Graph_for_T2
R verust
a0}
48+
46 |-
44 L
42+
40 Pluti
3B
36
3
32
30k Meptune r
2a| Orbit Frame Ejs Open Source |
2 1| Orbit_View | Record_Data
221 valle
anf I e N I 0.387
151 1 0723
er 2 1.000
" 3 1.4487
2 4 51487
e 5 5,493
:' 5 19.110
L — estudent proposed own data ] YT
» . :
| model from average radius
2—_DI.1 6 Uj1 DTQ DTS Dj4 DTS DTE Dj? UTS UTQ 1?0 1?1 1;?\;ear;j3 1?4 1?5 1.6 1.7 1.I8 1.9 2.0 21 2?2 2.3 2.4 25 2.6 ,
w10

.39.480 [au]
_. Display ! [v] labels Earth trail =
Time Step: |0.500

|
rE=0.99Z au
L]

_t= cHnanyears

Derived work based on Todd Timberlake's earlier model
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Orhit Frame Ejs Open Source Kepler System Model by Dr. Todd Timberlake remixed by lookang =5 i |:|'Z Ef E

r|[ Orbit_View | Record_Data | Graph_for_R_vs_T | Graph_for_fwverage R_vs T | Key_In_Rave

Rverus T

4

=

'« 2sets of data plotted inside EJSfor
- further analysis and thinking about validity
|| of their model of T2 o R ¢aqe>

3ok MNegiuns

ag

3

[s2]

28+

26 -

24}

22r

RiALU.

20
Uraus

101 Sagm

Juplter

-0.1 i 0.1 0.z 0.3 0.4 0.5 0.6 07 0.8 04 1.0 1.1 1.2 1.3 1.4 1.4 1.6 1.7 1.8 1.4 2.0 21 22 23 2.4 23 26
T Ivears

I yo

_ .39.480 0.248 17.2 .110.3 .113.8

Tievam Sdoms A OO 1 I

Derived work based on Todd Timberlake's earlier model
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SA: Student feedback =2

e The EJS lessons make it easier for us to
depict the motion of objects in 3D.

e The theory is now much easier to
understand.

e The simulations provided
interesting information
beyond the syllabus.

e “| think the simulations are
good as they make me view
physics in a different

i pelsiective.”
®
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S5B: Teacher retlection ¥

e Help students visualise the effect of gravitation,
motion of satellite, etc.

e Manipulation of parameters allows independent
learning outside curriculum fime.

e Curriculum time is
required to guide
studentsonthe use of B
simulations at the initial =
stfage.

e Worksheets questions
need to be more
thought-provoking.

*
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6. we, the teachers are evidences

that EJS has been an innovative 1ool

e Learners as “scientists”
— Inquiry-based learning into the hands of ordinary
students all over the world.

e Teachers as designers of computer models
— 5 journal publication at Physics Education

— 3 SG local conference papers nstitute of Physics
 AcademySym2011, |CTLT2012 ICCEQO]Q

— 4 oversedas conference papers
e AAPTSMI10 2010, AAPTWMI12 2012, WCPE 2012, MPTL18




